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Description 

The present invention relates to a polishing agent for semiconductor comprising a cerium oxide powder or an aque- 
ous suspension thereof, and a method for producing such a polishing agent for semiconductor. More particularly, it 
relates to a polishing agent for semiconductor suitable for polishing e.g. a silicon oxide interlaminar insulating film in a 
process for producing semiconductor devices, and a method for producing such a polishing agent for semiconductor. 

Heretofore, CMP (Chemical Mechanical Polishing) has been employed for polishing and planarizing e.g. a silicon 
oxide interlaminar insulating film in a process for producing semiconductor devices, and colloidal silica has been com- 
monly used (Journal of Electrochemical Society, 1991, vol. 138. 1778-1784). Colloidal silica is used usually in a state 
wherein silica particles having a particle size of a few tens nm are suspended in water, and KOH or NaOH is usually 
added for the purpose of increasing the polishing speed and adjusting the hydrogen ion concentration to secure disper- 
sion stability. 

However, there has been a problem that if a polishing agent containing such an alkali metal is used for polishing 
e.g. a silicon oxide film, the alkali metal in the polishing agent is likely to diffuse into a silicon oxide film, and in a MOS 
device, it tends to change the threshold voltage thereby to substantially lower the reliability. On the other hand, there is 
a polishing agent having the hydrogen ion concentration adjusted by ammonia or amine so that no or little alkali metal 
is contained in the suspension of colloidal silica particles. However, such a polishing agent has had problems such that 
the dispersion is not stable, and the polishing speed of e.g. a silicon oxide film is so slow that it is not practically useful 
In order to solve these problems, cerium oxide has been proposed as a polishing agent. Cerium oxide provides a 
high polishing speed, but it has had practical problems such that scratches are observed on the insulating film surface 
after polishing, and a substantial amount of an alkali metal remains in the insulating film. 

Accordingly, when cerium oxide is used as a polishing agent for a process for producing semiconductor devices it 
is desired to provide cerium oxide whereby scratches are scarcely observable on the insulating film surface of a semi- 
conductor wafer after polishing, and the polishing speed will not be lowered. H is an object of the present invention to 
provide a cerium oxide type polishing agent for semiconductor, which brings about little scratches on the polished insu- 
lating film surface of a semiconductor wafer. Another object of the present invention is to provide a cerium oxide type 
polishing agent for semiconductor, whereby the amount of an alkali metal such as sodium remaining in the polished 
insulating film of a semiconductor wafer, is little. 

Further, it is common that a cerium oxide powder is used for a polishing process in the form of an aqueous suspen- 
sion as suspended in water. According to the research by the present inventors, it has been found that if microorgan- 
isms, particularly bacteria of genus Pseudomonas, are present in this suspension, it is difficult to remove them from the 
surface after polishing, and dead bacteria is likely to cause a trouble, such as short circuiting the wirings. This is a seri- 
ous problem, since a line width and a line-to-line space tends to be increasingly narrow along with a progress in high 
densrf ication of a semiconductor circuit, and it has been required that even a slight residue should not remain on the 
surface after polishing. To cope with this problem, it is conceivable to preliminarily sterilize water to be used for suspend- 
ing the cerium oxide powder, or to remove dead bacteria with a filter before the aqueous suspension is used as a pol- 
ishing agent. However, it has been found that even if such sterilized water is used, bacteria are likely to grow during the 
storage of the suspension for a long period of time, thus leading to the same trouble. 

Accordingly, another object of the present invention is to provide a polishing agent for semiconductor consisting of 
an aqueous suspension of cerium oxide which is free from growth of microorganisms even when stored for a long period 
of time and which is useful for polishing an insulating film of a semiconductor wafer. 

The invention provides a polishing agent for semiconductor, comprising cerium oxide particles having a weight 
average particle size of from 0. 1 to 0.35 urn and a crystallite size of from 1 50 to 600 A. 

Further, the present invention provides a method for producing a polishing agent for semiconductor as defined 
above, wherein cerium carbonate is wet-pulverized, dried and then calcined at a temperature of from 600 to 800°C. 

Now, the cerium oxide powder for polishing semiconductor and an aqueous suspension thereof according to the 
present invention, and a method for producing the polishing agent for semiconductor according to the present invention 
will be described. 

When polishing is carried out in a process for producing semiconductor devices or the like, various factors may be 
mentioned as causes for scratches on the surface of an insulating film after polishing, including polishing conditions 
such as the polishing apparatus, the polishing pressure, the rotational speed, the concentration of the polishing agent 
and the amount of the slurry of the polishing agent supplied, the particle sizes of the polishing agent such as the aver- 
age particle size and the maximum particle size, the hardness of the particles of the polishing agent, and the polishing 
pad. With a cerium oxide polishing agent, the polishing speed is high as compared with e.g. colloidal silica but there is 
a problem that the surface after polishing is likely to have scratches. To reduce scratches, it is conceivable to reduce the 
size of cenum oxide particles. However, according to a research by the present inventors, it is not possible to prevent 
formation of scratches simply by controlling the particle size, and it has been found essential to control the crystallite 
size of cerium oxide simultaneously. 
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The particles of cerium oxide constituting the polishing agent of the present invention have a weight average parti- 
cle size of from 0.1 to 0.35 \im, preferably from 0.2 to 0.3 urn, and a crystallite size of from 150 to 600 A, preferably from 
300 to 500 A. If the particle size or the crystallite size is larger than the above range, the insulating film surface of a sem- 
iconductor device after polishing is likely to have scratches. On the other hand, if the particle size or the crystallite size 

5 is smaller than the above range, the polishing speed tends to be low. such being undesirable. The specific surface area 
of the cerium oxide particles substantially relates to the crystallite size. In the case of the present invention, the specific 
surface area (by a BET method) is preferably from 9 to 55 m 2 /g. more preferably from 15 to 30 m 2 /g. 

In the present invention, the weight average particle size is determined in such a manner that the particle size dis- 
tribution is obtained on the mass basis, and a cumulative curve is obtained with the total mass being 100%. whereby 

10 the particle size at a point corresponding to 50% of the cumulative curve, is taken as the weight average particle size. 
It is called also as a mass basis cumulative 50% size. (See e g.Kirk-Othmer "Encyclopedia of Chemical Technology" 
Third Edition vol. 21 .106-113 (Wiley- Intersctence)). For the measurement of the particle size, the particles are dis- 
persed in a medium such as water by e.g. ultrasonic treatment, and the particle size distribution is measured. 

On the other hand, the crystallite size is the size of a crystallite obtained from the X-ray diffraction and is a value 

is calculated by the formula of Sherrer. (See. e.g. B.D. CULLITY "Elements of X-ray Diffraction, 2nd Ed" 1978. Addison- 
Wesley. Reading. Mass.). 

The insulating film after polishing is required not only to be free from scratches but also to contain a less amount of 
residual alkali metal such as Na or K. In the case of the polishing agent of the present invention, the content of sodium 
contained in the cerium oxide particles is preferably controlled to be not higher than 1 0 ppm, preferably not higher than 
90 7 ppm. more preferably not higher than 5 ppm, whereby the problem of the amount of an alkali metal contained in the 
insulating film after polishing, can be remarkably reduced. 

The above-described cerium oxide powder is suspended in an aqueous medium such as water so that the content 
would be from 0.1 to 20 wt% ((cerium oxide/cerium oxide + water) x100). preferably from 1 to 5 wt%, and used as an 
aqueous suspension. 

25 To maintain the stability and dispersibility of the cerium oxide powder in the suspension, a water-soluble organic 
polymer, a cationic surfactant or a nonionic surfactant, may, for example, be added to the aqueous suspension. For 
example, water-soluble organic polymers such as polyvinyl alcohol, an acrylic add polymer and its ammonium salt, a 
methacrylic acid polymer and its ammonium salt, cationic surfactants such as ammonium oleate, ammonium lauryl sul- 
fate and lauryl sulfate triethanolamine, and nonionic surfactants such as polyoxyethylene lauryl ether, polyoxyethylene 

30 sorbitan monolaurate and polyethylene glycol distearate, may be mentioned. 

With the above-mentioned aqueous suspension, even if sterilized water is used, bacteria may sometimes grow if 
the suspension is stored for a long period of time, thus leading to a problem. According to the present invention, it has 
been found possible to prevent growth of bacteria by carrying out sterilization treatment after suspending the cerium 
oxide powder in water and thereby to prevent the problem even rf the suspension is stored for a long period of time. As 

35 a method for the sterilization treatment, ultraviolet irradiation, preferably a high temperature heat treatment at a temper- 
ature of from 40 to 100°C. particularly from 60 to 80°C, is suitable. 

Various methods may be employed for the production of the cerium oxide powder of the present invention having 
the above-mentioned properties. For example, as a method for producing cerium oxide having a small particle size, a 
method may be employed wherein an alkali such as NaOH is added to an aqueous ammonium Cerium(IV) nitrate to 
, o form a cerium hydroxide gel, followed by filtration, washing and calcining to obtain a cerium oxide powder. However, in 
such a case, it may take time for the filtration of the gel, or it may not be easy to remove the alkali used. The present 
inventors have found it industrially advantageous to preliminarily prepare cerium carbonate of high purity and to subject 
it to wet pulverization, drying and calcining in an oxygen containing gas such as air. The purity of the high purity cerium 
carbonate is desired to be at least 99%, preferably at least 99.95%. There is no particular restriction as to the method 

45 for wet pulverization. However, in order to avoid contamination with a metal from e.g. the pulverization apparatus, it is 
preferred to employ an agitation mill for a wet system medium employing ZrOa material at the portion which will be in 
contact with the liquid. The drying is carried out preferably at a temperature of from 1 00 to 1 30 °C for from 4 to 1 0 hours. 
The calcining temperature is preferably from 600 to 800°C, more preferably from 650 to 750°C, to control the crystallite 
size of cerium oxide to be formed. When water is used as the medium for the wet pulverization, aggregation is likely to 

so take place during the drying. Accordingly, depending upon the case, it may be substituted by a non-aqueous solvent 
such as alcohol, preferably methanol, before drying. Otherwise, a method may be employed wherein pulverization is 
carried out in a non-aqueous solvent. In a case where coarse particles are contained in the powder after calcination, a 
crushing or pulverization step may be adopted. Further, classification may be carried out, and in such a case, wet clas- 
sification is preferred. As a classification type, water screening or mechanical classification may be employed. 

55 The polishing agent of the present invention is useful for polishing an insulating film formed on a semiconductor 
substrate to remove a part thereof in a process for producing a semiconductor device, as disclosed in JP-A-5-326469 
(U.S. Patent 5,597,341) or JP-A-7-1 73456 (U.S. Patent 5.468,682). For the method of polishing the insulating film with 
the polishing agent of the present invention, a conventional means and apparatus may be used to remove from a few 
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hundreds to few thousands nm of the insulating film. 

Now, the present invention will be described in further detail with reference to Examples. However, it should be 
understood that the present invention is by no means restricted to such specific Examples. 

5 EXAMPLE 1 



10 



15 



High purity cerium carbonate (purity calculated as Ce0 2 : 99.95%. the same applies hereinafter) was suspended in 
water, pulverized by an agitation mill for a wet system medium, dried and then calcined in an electric furnace at 700°C 
for 4 hours. The calcined product was pulverized to obtain a cerium oxide powder (crystallite size: 370 A, specific sur- 
face area: 20.3 m 2 /g). Each of cerium oxide powders of various particle sizes, thus obtained, was suspended in water 
in a concentration of 1 wt%, to obtain a polishing fluid. The polishing test was carried out by polishing a 6 inch wafer 
having a silicon oxide film formed in a thickness of 1 |im on a silicon substrate surface, by means of a polishing cloth at 
100 rpm under a pressure of 30 kPa. The test results are shown in Table 1 . In each case, the polishing speed was fully 
satisfactory. 



Table 1 



20 



25 



.30 



Run No. 


Weight average particle 
size (nm) 


Number of scratches* 


1 


0.51 


90 


2 


0.40 


60 


3 


0.35 


5 


4 


0.33 


3 


5 


0.28 


1 


6 


0.20 


1 


7 


0.18 


1 



' Number per 10cm 2 of wafer (as observed by a differential inter- 
ference microscope) 



The particle size of cerium oxide was evaluated by the weight average particle size (by the measurement of the par- 
ticle size distribution by Microtrack HRA X-100, manufactured by Nikkiso Co., Ltd., the same applies hereinafter). 



35 

EXAMPLE 2 



Cerium oxide powders as polishing agents, were prepared at different calcining temperatures, and then the polish- 
40 ing tests of insulating films were carried out. 

The high purity cerium carbonate was suspended in water, pulverized by an agitation mill for a wet system medium, 
dried and then calcined in an electric furnace at a temperature of 850°C. 800°C or 700°C for 4 hours. Each calcined 
product was pulverized to obtain a cerium oxide powder having a weight average particle size of 0.28 ^m. Each powder 
was suspended in water at a concentration of 1 wt%, to obtain a polishing fluid. The polishing test was carried out in the 
45 same manner as in Example 1 . The results are shown in Table 2. 



Table 2 



Run No. 


Calcining temperature 


Crystallite size 


Specific surface area 


Number of scratches* 


1 


850 


720 


8.5 


30 


2 


800 


586 


10.5 


8 


3 


700 


370 


20.2 


1 



* Number per 10cm 2 of wafer (as observed by a differential interference microscope) 
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EXAMPLE 3 

Cerium oxide powders were prepared by using high purity cerium carbonates having different Na contents, and the 
polishing tests were carried out. 

5 High purity cerium carbonates having different Na contents were, respectively, suspended in water, pulverized by 

an agitation mill for a wet system medium, dried and then calcined in an electric furnace at 700°C for 4 hours. Each cal- 
cined product was pulverized to obtain a cerium oxide powder having a weight average particle size of 0.28 urn (crys- 
tallite size: 370 A, specific surface area: 20.3 rr^/g). Each powder was suspended in water at a concentration of 1 wt%, 
and used as a polishing fluid. The polishing test was carried out in the same manner as in Example 1. The results of 

io measuring the amount of Na remaining in the wafer washed after polishing, are shown in Table 3. 



Table 3 



Run No. 


Type of starting material 
cerium carbonate 


Content (ppm) of Na in 
cerium oxide 


Na after polishing and 
washing (x10 10 
atoms/cm 3 ) 


1 


A 


50 


10 


2 


B 


30 


5 


3 


C 


10 


2 


4 


D 


5 


1 



25 EXAMPLE 4 



The cerium oxide powder used in Run No. 2 as shown in Table 1, was suspended in water at a concentration of 10 
wt%. The water was preliminarily treated with an ion exchange resin and sterilized by ultraviolet ray irradiation, and then 
passed through cartridge filters having pore sizes of 1 and 0.1 urn. After preparation of the suspension, the suspension 
30 was put in a 10 liter polyethylene container, and subjected to viable cell remaining tests i.e. (A) by leaving it at room tem- 
perature. (B) by subjecting it to heat treatment at 60 P C for 1 hour after the preparation and then leaving it at room tem- 
perature, and (C) by leaving it at room temperature for 1 day after the preparation, then subjecting it to heat treatment 
at 60°C for 1 hour and then leaving it at room temperature. The data obtained by observation of the viable cell number 
are shown in Table 4. 



Table 4 



50 



Samples 


A Left at room tempera- 
ture 


B Heat-treated and then 
left at room temperature 


C Left at room temperature for 
1 day, then heat-treated and 
left at room temperature 


Number of days 


Viable cell number* 


Viable cell number* 


Viable cell number* 


1st day 


10 


0 


0 


1 day later 


10 


0 


0 


3 days later 


250 


0 


0 


7 days later 


380 


0 


0 


14 days later 


470 


0 


0 


30 days later 


2,000 


0 


0 



" Viable cell number: number/ml 



55 As described in the foregoing, the present invention presents a polishing agent for semiconductor containing 
cerium oxide, which is capable of reducing scratches on the surface of an insulating film of a semiconductor wafer 
thereby polished and which provides a sufficiently high polishing speed. Further, according to the present invention, it 
is possible to obtain a cerium oxide aqueous suspension as a polishing agent for a semiconductor, which is capable of 
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reducing the amount of sodium remaining in an insulating film of a semiconductor wafer thereby polished and which is 
free from growth of microorganisms even when it is stored for a long period of time. 

Claims 

5 

1- A polishing agent for semiconductor, comprising cerium oxide particles having a weight average particle size of 
from 0. 1 to 0.35 *im and a crystallite size of from 1 50 to 600 A. 

2. The polishing agent for semiconductor according to Claim 1 , wherein the cerium oxide particles have a specific sur- 
10 face area of from 9 to 55 m 2 /g. 

3. The polishing agent for semiconductor according to Claim 1 or 2, wherein the content of impurity sodium in the 
cerium oxide particles is not more than 10 ppm. 

is 4. A polishing agent for semiconductor, which is a suspension comprising water and cerium oxide particles having a 
weight average particle size of from 0.1 to 0.35 *im and a crystallite size of from 150 to 600 A, suspended in the 
water in a concentration of from 0.1 to 20 wt%. 

5. The polishing agent for semiconductor according to Claim 4, wherein the cerium oxide particles have a specific sur- 
20 face area of from 9 to 55 m*/g. 

6. The polishing agent for semiconductor according to Claim 4 or 5. wherein the content of impurity sodium in the 
cerium oxide particles is not more than 10 ppm. 

25 7. The polishing agent for semiconductor according to Claim 4, 5 or 6, wherein the suspension is treated for steriliza- 
tion. 

The polishing agent for semiconductor according to any one of Claims 1 to 7, which is used for removing, by pol- 
ishing, at least a part of an insulating film formed on a semiconductor substrate. 

A method for producing a polishing agent for semiconductor as defined in any one of Claims 1 to 8, wherein cerium 
carbonate is wet-pulverized, dried and then calcined at a temperature of from 600 to 800°C. 

10. The method for producing a polishing agent for semiconductor according to Claim 9, wherein the wet pulverization 
is carried out in a non-aqueous solvent. 



40 



45 



50 



55 



5DOCID: <EP_ 



mi li ii i mi: mill ii ill ill 1 1! 

(n) EP 0 875 547 A3 

(12) EUROPEAN PATENT APPLICATION 

(88) Date of publication A3: (51) Int. CI 6 : C09G 1/02, C09K3/14, 

31.03.1999 Bulletin 1999/13 HQ 1 L 21/306 

(43) Date of publication A2: 

04.11.1998 Bulletin 1998/45 



(21) Application number: 98107739.9 

(22) Date of filing: 28.04.1998 



(84) 


Designated Contracting States: 


• Endoh, Kazuaki, 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Seimi Chemical Co., Ltd. 




MC NL PT SE 


Chigasaki-city, Kanagawa (JP) 




Designated Extension States: 


• Tsugita, Katsuyuki, 




AL LT LV MK RO SI 


Seimi Chemical Co., Ltd. 
Chigasaki-city, Kanagawa (JP) 


(30) 


Priority: 28.04.1997 JP 1 1 1 084/97 


(74) Representative: 


(71) 


Applicant: 


Muller-Bor6 & Partner 




SEIMI CHEMICAL CO., LTD. 


Patentanwdlte 




Chigasaki-city, Kanagawa, 253 (JP) 


Graf inger Strasse 2 


(72) 




81671 MOnchen (DE) 


Inventors: 


• 


Aihara, Ryohei, 

Seimi Chemical Co., Ltd. 

Chigasaki-city, Kanagawa (JP) 





(54) Polishing agent for semiconductor and method for its production 



(57) A polishing agent for semiconductor, compris- 
ing cerium oxide particles having a weight average par- 
ticle size of from 0.1 to 0.35 urn and a crystallite size of 
from 150 to 600 A. 



EuropaJsches Patentamt 
(19) European Patent Off ice 

Office europ£en des brevets 



CO 
< 

m 

LO 

co 
CL 

LU 



Printed by Xerox (UK) Business Services 
2.16.7/3.6 



JSDOCID: <EP 0875547A3 I > 



EP 0 875 547 A3 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 10 7739 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (IM.CI.6) 



P,X 



US 3 429 080 A (LACHAPELLE RAYMOND L) . 
25 February 1969 

* claim 1; tables 3,4 * 

FR 2 583 034 A (RHONE P0ULENC SPEC CHIM) 
12 December 1986 

* page 4, paragraph 10 * 

* page 6, paragraph 1 * 

* claims 1-12 * 

EP 0 266 233 A (RHONE P0ULENC CHIME) 
4 May 1988 

* claims 1-7 * 

PATENT ABSTRACTS OF JAPAN 
vol. 096, no. 009, 30 September 1996 
& JP 08 134435 A (MITSUI MINING 
&AMP; SMELTING CO LTD), 28 May 1996 

* abstract * 

EP 0 820 092 A (HITACHI CHEMICAL CO LTD) 
21 January 1998 

* page 4, line 32 - line 34 * 

* page 8, line 13 - line 15; claims 1-36 * 



C09G1/02 
C09K3/14 
H01L21/306 



1,2 



1,2 



1-6 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



C09G 

C09K 
H01L 



The present search report has been drawn up for all claims 



Place of search 

THE HAGUE 



Oate cl completion of the search 

29 January 1999 



Examiner 



Stienon, P 



a 

s 



CATEGORY OF CITED DOCUMENTS 

X . particularly relevant if taken alone 

Y : particularly relevant rf combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earner patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



2 



DOCID: <EP 0875S47A3_I_> 



EP 0 875 547 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 98 10 7739 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

29-01-1999 



Patent document 




Publication 




Patent family 


Publication 


cited in search report 




date 




member(s) 


date 


US 3429080 


A 


25-02-1969 


DE 


1644725 A 


07-10-1971 








GB 


1188820 A 


22-04-1970 


FR 2583034 


A 


12-12-1986 


NONE 






EP 0266233 


A 


04-05-1988 


FR 


2604443 A 


01-04-1988 








AU 


601495 B 


13-09-1990 








AU 


7904487 A 


31-03-1988 








DE 


3772151 A 


19-09-1991 








JP 


63169262 A 


13-07-1988 








PT 


85796 B . 


31-08-1990 








US 


4769073 A 


06-09-1988 


EP 0820092 


A 


21-01-1998 


AU 


1670597 A 


28-08-1997 








WO 


9729510 A 


14-08-1997 



I 



For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



3 



1SOOCID: <EP 



0875547A3 I > 



